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Abstract 
Protection of the ecosystems ultimately contributes towards their sustainability. Presence of high levels of toxic metals in seafood 
is considered as an environmental warning for possible influences on the ecosystem components and public health. This research 
quantified the concentrations of cadmium (Cd), chromium (Cr), copper (Cu), manganese (Mn), lead (Pb), vanadium (V), and zinc 
(Zn) in sediments and edible soft tissue of shellfish Strombus (Conomurex) persicus from the Sea of Oman. In both matrices, 
metals exhibited no general trend in the distribution of metals between the sampling sites. In shellfish, metal levels were below 
the international maximum permissible guidelines, illustrating safe consumption of this seafood item. The calculated risk factor 
(Eri) for Cr, Cu, Pb, and Zn revealed no ecological damage should be anticipated at the reported metal concentrations in the 
sediment samples. However, Cd had higher Eri range, suggesting moderate to considerable ecological risk. For transfer of metals 
from sediment toS. persicus, bioaccumulation factors (BAF) estimated for Cd, Cu, and Zn were above 1.0, indicating tendency of 
these metals to accumulate in S. persicus. While the BAF and Eri values for Zn were insignificantly correlated, BAF values for 
Cd and Cu were inversely related to their corresponding Eri values. Nevertheless, correlation was not statistically significant for 
Cu. For Cd, it seems that sediments having higher Eri may not be necessarily resulting in higher tissue Cd burdens of S. persicus. 
In conclusion, it appears that the use of correlation between BAF and Eri  to examine transfer of metals from abiotic component to 
organisms in natural waters is limited. 
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1. Introduction 
The marine ecosystems are rich with diverse wealth of organisms, fish, minerals, oil, natural gas, and other 
resources. Worldwide, about 3.0 billion people get 20% of their animal protein requirements from seafood1. Fishing 
with agriculture contributed about 1.3% (equivalent to about 1.0 billion US Dollars) of gross domestic product 
(GDP) of Oman in 20132. The development of fishing sector is important for food security and thus the Omani 
government is targeting the share of the fishing sector of the GDP to be raised to 2% by 20202. This goal can be 
primarily achieved through sustainable harvest and production of seafood. Globally, marine coastal areas are facing 
threats from pollution mainly due to human activities and consequently have direct and indirect impact on seawater 
organisms. Several pollutants in marine environments have been recognized in the Arabian Gulf, Sea of Oman, and 
the Arabian Sea including hydrocarbons (essentially due to oil extraction, processing, and transportation) and heavy 
metals. Contamination monitoring is an essential step for environmental protection which ultimately contributes 
towards sustainability of the ecosystems, in particular those providing services (e.g. food) for human. In Oman, 
metal concentrations have been recently determined in different marine samples including sediment, crustacean, and 
fish3, 4, 5, 6, 7.However, few studies have been directed for investigation of related phenomena like metal 
biomagnification4beyond the presentation of metal levels.  
Impacts of heavy metals on marine ecosystems are not recognized as soon as they are introduced into the 
seawater. For this reason, frequent monitoring programs are needed to detect changes in metal concentrations before 
they induce negative impacts on marine life. Since it is difficult and expensive to assess heavy metals level in many 
organisms from the ecosystem, biomonitor species have been explored for metal pollution to indicate how healthy 
the ecosystem and its components is. Biomonitor species refers to any aquatic organism that accumulate metals in its 
tissues from the surrounding environment given that the change in its tissue metal burden is likely to reflect varying 
metal concentration in the surrounding environment8.The most common biomonitors in marine environment are 
invertebrates including molluscs (e.g. bivalves and gastropods). For example,benthic creatures can accumulate and 
transfer metals from sediment to higher organisms in the food chains9, but this does not exclude that benthic 
organisms can accumulate metals from other sources (e.g. water and food). Sediment is recognized as a potential 
source of trace metals for contamination of marine biota9. In aquatic sediment, presence of higher metal 
concentration can be evaluated for possible ecological risk using metal potential ecological risk index (Eri)10, 11, 12.  
Regardless of the source of metals, whether it is natural or anthropogenic, the reported levels are good indication 
to assess the safety of seafood consumption when compared to the guidelines of the international organizations (e.g. 
Food and Agriculture Organization, FAO, of the United Nations and World Health Organization, WHO). But, how 
some metals accumulate in biota tissues while others do not, as illustrated by the wide variability in the species 
sampled and the locations of sampling,3, 5 remains a poorly-understood process. Bioaccumulation is the process by 
which an organism concentrates metal from abiotic environment (e.g. water, sediment) and through food ingestion, 
resulting in body concentration that is many folds higher than the metal concentration in the environment13, 14. This is 
usually expressed as bioaccumulation factor (BAF), the ratio of total metal concentration in the whole body of fish 
and/or organism to the total metal concentration from food and water and/or sediment obtained from the field 
studies14. The main objective of this study is to investigate how likely BAF and Eri  to predict the transfer of metals 
from marine sediment to a gastropod species,Strombus (Conomurex) persicus (Swainson, 1821). This may provide 
insights for the use of this benthic invertebrate, which is endemic species to northern coastal water of Sea of Oman 
and the Arabian Gulfand is consumed by the local community15,16, asa potential candidate for monitoring metal 
pollution. 
2. Materials and methods 
On the coastal water of the Sea of Oman, coastal sediment and S. persicus samples were collected from 8 
sampling sites during January 2013 from three cities or towns (Fig. 1). As detailed below, sediments and soft tissues 
of S. persicus were lyophilized and then digested using manual of oceanographic observations and pollutants 
analyses methods, MOOPAM protocol17. 
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Fig. 1.Map showing the towns/cities where sediment and S. persicus (shown) samples were collected. The code and coordination of the sampling 
sites in each town/city on the Sea of Oman are given. 
2.1. Sediment 
Intertidal samples of sediment were obtained using plastic spoon and placed in pre-washed plastic containers. 
From each sampling site, different samples were collected and then homogenized to make a sample. The sediment 
samples were stored at  ̶ 80 ºC till analysis. For the chemical analysis, sediment samples were first dried in freeze-
dryer for 5 days. Then, each sediment sample was sieved using 150-μm mesh size to reduce the effect of different 
grain sizes on the analysis of heavy metals18. About 0.25g of fine sediment was accurately weighed in clean Teflon 
tubes using a single pan analytical balance to the nearest 0.01g. After that, 6 ml hydrofluoric acid (HF, 40% w/w) 
was added to the tube followed by the addition of 1 ml of aqua regia (3:1 Hydrochloric acid, HCl ~ 40% and nitric 
acid, HNO3, ~60 %). Finally, the tubes were heated using a microwave oven between 40–80 °C for 30 min.  
2.2. Strombus persicus 
Strombus persicus is a benthic marine organism from mollusca phylum (Class:gastropoda; Family: Strombidae)19. 
It is commonly known as Persian conch with an average size of about 50mm. It can be distinguished from other 
species by its cream to white shell color with brown patterns20 (Fig. 1). They inhabit sandy or intertidal bottom at ~ 5 
to 10 meter below the surface water19. The S. persicus larvae and adults are herbivorous and closely associated with 
the sediments, representing a good candidate to study metal transfer at the base of the food web. Whole organisms 
were collected from the shoreline at the lowtide. About 20 to 30 S. persicus individuals of similar sizes (7.65 ̶ 9.1cm) 
were gathered in acid-washed plastic containers from each sampling site. Then, the samples were transported in a 
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cool box to the laboratory where the soft tissues of each organism were separated from the shells and stored at  ̶ 80 
ºC until processing. Similar to sediment samples, soft tissues of S. persicus were lyophilized to remove all water 
content. Then, samples were ground to fine powder using a blender to ensure homogenization of samples. About 
0.10 g of the ground soft tissue samples were weighed and transferred to a 30-ml polypropylene tube to which 4 ml 
of concentrated nitric acid (HNO3, ~60 %) was added. After that, the tubes were left at room temperature for 1 hour 
and then heated at 95°C for 2½ hours. Then, the tubes were left to cool down to the room temperature. Finally, the 
digested tissue samples were transferred to 50-ml acid-washed polypropylene tubes and the samples were diluted by 
addition of deionized water to final volume of 50 ml. The samples were stored at +4°C till chemical measurement. 
2.3. Chemical analysis and calculation of bioaccumulation factor (BAF) and ecological risk index (Eri) 
For both sediment and S. persicus samples, the concentrations of cadmium (Cd), chromium (Cr), copper (Cu), 
manganese (Mn), lead (Pb), vanadium (V), and zinc (Zn) were determined using inductively coupled plasma optical 
emission spectrometer (ICP-OES). All concentrations are expressed in mg kg-1 dry weight. The accumulation of 
metals from sediment in the soft tissue of S. persicus was simply estimated according to the following BAF 
equation:  
(1) 
When BAF exceeds the unity (i.e. > 1.0), metal is likely to concentrate in S. persicus relative to the sediment. 
Data for metals with BAF values greater than 1.0, as dependent variable, were correlated with the metal potential 
ecological risk index (Eri), as independent variable. According to Håkanson10, metal concentrations of sediments 
could be utilized to derive Eri as follow: 
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Where Eri is the individual heavy metal potential ecological risk index, Triis the toxicity coefficient (Triof Cd, Cu, 
and Zn are 30, 5, and 1, respectively from Hilton et al.11), Cfi is a contamination factor, Cni is a reference value of 
metal (Cni of Cd, Cu, and Zn are 0.2, 30, and 80 mg kg-1, respectively from Hilton et al.11), C0i is the metal 
concentration in sediment samples in mg kg-1 dry weight. 
3. Results and discussion 
Figure 2 presents the mean total heavy metal concentrations ± standard deviation (SD) in mg kg-1dry weight in 
coastal sediments and S. persicus from three coastal town/cities on the Sea of Oman. 
3.1. Metals in the sediment samples 
In general, sediments exhibited wide ranges for metal concentrations. The lowest concentrations were recorded 
for Cd, while Cr and Mn existed in abundance relative to other metals (Fig. 2). Similar metals concentrations were 
obtained by Al-Rawahi7 for the coastal sediments in Muscat intertidal coastal areas. Similarly, Peer and Safahieh21 
reported comparable metal levels to the present study for sedimentary metal concentrations from intertidal zone 
along the Iranian coasts on the Sea of Oman. The results showed no general trend in the spatial distribution of 
individual metals between the sites. 
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Fig. 2. Concentrations of Cd, Cr, Cu, Mn, Pb, V and Zn in sediment and S. persicussamples collected from the coastal water of the Sea of Oman. 
Data are mean ± SD in mg kg-1dry weight 
Though lower than the levels found in the present study, de Mora et al.3 reported that Cd concentrations (0.1–0.2 
mg kg-1 dry weight) were the highest in Oman compared to the other Gulf countries. Even higher Cd concentrations 
(3.96 mg kg-1 dry weight) than those reported here were found by Al-Rawahi7 for sediment samples from A'Seeb. 
There may have been an increasing trend in Cr contents of the coastal sediments of along the Sea of Oman when 
data from this study compared to the other studies3, 7. The increasing trend in sediment contents of Cd and Cr may 
not be exclusively attributed to the recent industrial development and possible associated anthropogenic emission. 
Since Oman has Cd- and Cr-rich ophiolites3, the increase in Cd and Cr is likely due natural geologic release. The 
range in the present study (11.98 ̶ 19.68 mg kg-1) and in other studies (1.75 ̶ 14.8 mg kg-1 and 10.98 ̶ 15.79 mg kg-1)7, 
21 suggested that Pb concentration has shown increasing trend when compared to the low range of 0.253 ̶ 1.82 mg kg-
1reported earlier3. No human activity is known to release Pb on the coastline of the Sea of Oman and atmospheric Pb 
deposition may be implicated. In addition, higher Mn concentration was found in the sediment (Fig. 2) than that 
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reported by de Mora et al.3. Similar concentration ranges for Cu and V were detected in sediment of Sohar, Saham, 
and A’Seeb (Fig. 2) to other coastal areas of the Sea of Oman3, 7, 21. Vanadium (V) concentration in coastal 
environment has been used as an indicator of oil or crude oil pollution as it is an oil-related metal. Heavy traffic of 
crude oil tankers is known for the Sea of Oman which the passage between the Arabian Gulf and the Arabian Sea 
and Indian Ocean. For Zn, the data were in agreement with the data published recently7.  
3.2. Metals in the S. persicus tissues 
For S. persicus, higher concentration ranges for Cu and Zn were measured in the soft tissues (Fig. 2). This 
observation is not surprising since both metals are essential elements needed for certain metabolic pathways of 
organisms. The remaining metals were in the following order: Mn > Cr > Cd > Pb > V. Average metal contents in 
the shellfish were low and generally comparable among the sampling sites (Fig. 2). The concentrations were 
compared to the different maximum acceptable standards compiled for various metals in fishery products by FAO22. 
Average levels of Cd, Cu, Pb, and Zn  in S. persicus from all the sites were within the permissible ranges suggested 
for shellfish and/or fishery products (Cd: 0.1 ̶ 5.5, Cu: 30 ̶ 70, Pb:1.0 ̶ 10; Zn: 40 ̶ 1500 mg-1 kg wet weight)22. It is 
worthy to note that concentrations in the present study were expressed on dry weight basis, nevertheless they would 
be lower than the proposed guidelines or standards. The findings may illustrate the safe consumption of this seafood 
item. Consumption of S. persicus by coastal communities is usually restricted to the winter season, making the risk 
to the public health minimal based on the reported concentrations (Fig. 2). 
3.3. Correlation between bioaccumulation factor (BAF) and potential ecological risk index (Eri) 
Utilizing metal concentrations in sediments and the shellfish in equation (1) revealed that only Cd, Cu, and Zn 
exhibited BAF of greater than 1.0 for all sites (Table 1). This observation may demonstrate higher tendency of these 
metals to accumulate in S. persicus compared to other metals. These metals are likely to accumulate in biota close to 
shore3, 5. In addition, interference of Cu and Zn with reproduction of other gastropod species has been recognized23. 
According to equations (2) and (3), the calculated Eri values for Cr, Cu, Pb, and Zn were below 40 which is the 
maximum value for the low risk category as described elsewhere10, 12, suggesting no ecological damage should be 
observed at the metal concentrations determined in the sediment samples from every site. On the other hand, Cd had 
Eri range between 67 and 155 which implies moderate and considerable ecological risk for this metal.  
Table 1. City/town, sampling sites and bioaccumulation factors (BAF) calculated for S. persicus from the coastal water of 
Sea of Oman. 
City/Town Code of the sampling sites 
Metal BAF in S. persicus 
Cd Cr Cu Mn Pb V Zn 
Sohar 
S-1: 8.43 0.01 2.96 0.06 0.55 0.02 2.26 
S-2: 4.13 0.02 5.33 0.05 0.50 0.01 1.46 
S-3: 6.84 0.03 3.76 0.08 0.89 0.01 2.87 
Saham 
S-4: 4.95 0.03 1.99 0.05 0.12 0.02 1.26 
S-5: 5.32 0.03 4.20 0.08 0.61 0.02 3.00 
S-6: 4.49 0.02 4.47 0.06 0.10 0.00 2.39 
A’Seeb 
S-7: 2.78 0.01 2.25 0.03 0.14 0.00 1.04 
S-8: 5.07 0.07 2.67 0.08 0.14 0.03 1.69 
 
While the correlation between BAF and Eri for Zn was not significant, BAF values for Cd and Cu were inversely 
related to their corresponding Eri values, though not significant for Cu (Fig. 3). Particularly for Cd, the relationship 
between BAF and Eri is contrary to the prediction (i.e. the higher Eri values were, the higher BAF values obtained) 
(Fig. 3). Similarly, BAF for several metals was reported to exhibit inverse relationships to metal exposure 
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concentrations (i.e. metal levels in the surrounding environment), a trend likely to result due to violation of the 
assumption that BAF is independent of the exposure concentration14. It seems that sediments having higher Eri (i.e. 
anticipating more ecological damage) may not be necessarily resulting in higher tissue metal burdens of S. persicus. 
Based on the discussion above, the use of correlation between BAF and Eri to examine transfer of metals from 
abiotic component (i.e. sediment) to organisms is refuted. In natural waters, the use of BAF as a regulatory tool was 
shown to be limited based on fish studies24. The evidence provided by the present study based on shellfish, 
invertebrate, emphasized BAF limitation in the field studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Correlation between BAF and Eri calculated based on concentrations of Cd, Cu and Zn of sediment and S. persicus from the coastal water 
of Sea of Oman. 
Conclusion 
Concentrations of heavy metals (Cd, Cr, Cu, Mn, Pb, V, and Zn) were determined in sediment samples and soft 
tissues of shellfish S. persicus from the Sea of Oman. The concentration were utilized to estimate bioaccumulation 
factor (BAF) and ecological risk index (Eri). According to BAF, evaluation of S. persicus as a biomonitor species 
showed that the organism accumulated Cd, Cu, and Zn, but not the other metals (Cr, Mn, Pb, and V). Subsequent 
correlation between BAF and Eri may not be appropriate to predict accumulation of Cd, Cu, and Zn in soft tissue of 
the shellfish. 
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